Editorial Comment New Trend in Transesophageal Echocardiographic Technology
Use of Biplane Transesophageal Probe Ryozo Omoto, MD T ransesophageal echocardiography is an established diagnostic technique. Despite its semiinvasive nature, it is becoming widely accepted in the fields of cardiology, cardiac surgery, and anesthesiology because of the unique and highly valuable information it offers. 1 The clinical significance and popularity of transesophageal echocardiography are growing, and almost all echocardiographic equipment currently available is designed to accommodate a transesophageal probe.
See page 1121 The clinical use of transesophageal echocardiography was first reported in 1976 when Frazin et al,2 dissatisfied with the echoes obtained through the chest wall, recorded M-mode echocardiographs from within the esophagus. In 1980, Matsumoto et a13 used a transesophageal echocardiographic probe for continuous intraoperative monitoring of left ventricular performance. Both Frazin et al and Matsumoto et al used this approach to obtain M-mode images at rest and during exercise while intense research into designing probes for two-dimensional transesophageal echocardiography was in progress. This research resulted in the use by Hisanaga et a14 of a transesophageal probe with a mechanical sector scanner that was enclosed in an oil bag for transesophageal cross-sectional echocardiography. However, this mechanical sector scanner was not widely accepted. The basic model for most of today's transesophageal echocardiographic instrumentation, in which a wide-angle, phased-array sector scanner transducer is mounted on a gastroscope shaft, was first reported in 1981 by Hanrath et al.5 Important studies on applications of transesophageal echocardiography followed rapidly from the United States,6,7 Europe,8 and Japan.9 The period of progress in transesophageal echocardiography to this point, The opinions expressed in this editorial comment are not necessarily those of the editors or of the American Heart Association.
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Address for correspondence: Ryozo Omoto, MD, Department of Surgery, Saitama Medical School, 38 Morohongo, Iruma-gun, Saitama, Japan. which technologically centered on M-mode and twodimensional imaging, can be considered its first phase of development. This phase focused more on intraoperative evaluation and monitoring of myocardial function and less on diagnosis. The second phase, that of transesophageal echocardiography combined with color Doppler flow imaging,10'11 began around 1986 and was a period of wider expansion of applications and use. The present general acceptance of this technique can be attributed to the more extensive qualitative and quantitative information provided through the combination of color Doppler flow mapping with scanning from the transesophageal approach. The ability of this technique to provide high-resolution images of both the blood flow and the structure of the heart and great vessels together in real time is advantageous for many clinical purposes.12-15 The use of a color transesophageal echocardiographic probe both intraoperatively and perioperatively has now become fairly common in most medical centers. 16 From the start of the second phase, almost all commercially available echocardiographic systems were designed to allow the use of a transesophageal probe. At present, however, there is one important limitation: Unlike routine transthoracic echocardiographic scanning, conventional transesophageal echocardiographic imaging is confined to singleplane images obtained by transverse scanning. To overcome this problem, we first developed and tested a biplane transesophageal probe and reported our initial clinical experience in December 1988. 17 The biplane probe has two transducers mounted on the gastroscope shaft, making possible both transverse and longitudinal scanning. Biplane display, if desired simultaneously, involves two sets of cine-loop memory, whereby the transverse and longitudinal scans can be first stored and then displayed side-by-side on the monitor screen, in synchrony with the electrocardiograph. Two earlier reports18"19 described the use of a biplane transesophageal echocardiographic probe, but in both, the biplane scanning used was not associated with color Doppler flow mapping, and neither system could provide simultaneous side-byside biplane images. Since the introduction of the new biplane probes, a new round of investigations into evaluation of various cardiovascular disorders has been undertaken that compares biplane transesophageal imaging with ordinary single-plane imaging20 and examines the type and specificity of the new information offered. 21 In this issue of Circulation, Yoshida et a122 report studies on 51 patients by left ventriculography and by biplane transesophageal color Doppler echocardiography; 48 of the patients had adequate angiographic and transesophageal echocardiographic examinations to allow assessment of mitral insufficiency. (Angiography showed mitral regurgitation in 32 of the 48.) Transesophageal color Doppler flow imaging detected mitral regurgitation in all 32 who were shown angiographically to have this lesion; for the maximum regurgitant jet area, an excellent correlation between the angiographic findings and those obtained from the two esophageal imaging planestransverse and longitudinal-was achieved. Yoshida et al concluded from these observations that biplane transesophageal color Doppler imaging is a useful technique that not only is highly sensitive in identifying mitral regurgitation but also provides an accurate estimate of severity. Because there have been few quantitative evaluations of mitral regurgitation by transesophageal echocardiography, the clinical significance of the observations of Yoshida et al, who used the maximum regurgitant jet area for the quantitative assessment of this condition, is considerable. Yoshida et al also presented the following criteria for grading the severity of mitral regurgitation as detected by this method: Maximum regurgitant jet areas of less than 1.5 cm2, between 1.5 and 4 cm2, between 4 and 7 cm2, and more than 7 cm9 predicted respective angiographic gradings of none, mild, moderate, and severe regurgitation; respective sensitivities and specificities were 88% and 94%, 82% and 95%, 100% and 95%, and 83% and 100%. These researchers were the first to offer clear criteria for grading the severity of mitral regurgitation on transesophageal scans, but similar investigations from other institutions will be needed to accumulate additional data of this nature. Yoshida et al do not discuss in their report other important merits of biplane transesophageal imaging. Perhaps one of the major advantages is that the technique facilitates a threedimensional appreciation of anatomical structure and blood flow dynamics. Biplane imaging can also give an accurate understanding of mitral valve structure in, for example, a case of mitral valve prolapse by depicting the part of the posterior leaflet (anterior, middle, or posterior scallop) that is prolapsed. Thus, the pathological configuration of a mitral valve prolapse can be understood precisely and accurately. When surgical repairs are to be undertaken in mitral regurgitation due to mitral valve prolapse, this knowledge is very important for planning the method of repair or for assessing the competency of a valve after the repairs are made, as reported by Yoshida's group. 23 Matsumura et a124 reported the usefulness of biplane imaging in the diagnosis of mitral valve disease in 40 patients with mitral stenosis, mitral regurgitation, or both. Mitral regurgitation was detected in both views in all patients, and there was no difference in jet dimensions between the views. However, multiple jets were observed more often in the longitudinal view than in the transverse view. Yoshida et a122 also obtained observations on the directions and sites of origin of the regurgitant jets in all patients by using both views. In those with mitral valve prolapse and ruptured chorda, the longitudinal view was more useful in accurately defining the posterior leaflet scallop that was prolapsed or ruptured. The three-dimensional concept of mitral valve abnormalities and regurgitant jets provided by biplane transesophageal imaging is therefore a definite advantage.
In our own initial experience,25 biplane imaging generally gave new and specific information in the following areas. First, as mentioned, it offered a three-dimensional understanding that can improve diagnosis accuracy, particularly of mitral regurgitation and aortic dissecting aneurysm. Second, the longitudinal scanning plane offered new acoustic windows, showing, for example, large areas of the ascending aorta, pulmonary artery, and superior vena cava. Further research into the usefulness of biplane transesophageal imaging and the anatomical correlations of biplane imaging is ongoing. Two of the limitations of the presently available technology are that the centers of the two transducers are separately mounted, scanning from different points of origin 1.5 mm apart, and that biplane images are acquired sequentially, not simultaneously, and are then stored and played back simultaneously. These limitations may cause difficulty in the interpretation of anatomical correlations, but Yoshida et a122 do not discuss these points.
As for the future prospects of transesophageal echocardiography, it seems likely that biplane imaging will supplant single-plane imaging as the standard in both adult and pediatric patients,17 and concurrent use of real-time biplane imaging software26 and a matrix phased-array transducer27 should allow online biplane acquisition and display of the transverse and longitudinal images from a single transducer array.
Yoshida et a122 used a biplane transesophageal probe for the quantitative assessment of mitral regurgitation and clarified its usefulness. Observations on the usefulness of such probes in a variety of other cardiovascular diseases are now to be expected. The method is very promising, and further advances in related ultrasound technologies are keenly awaited by cardiologists and surgeons.
